Background Musculoskeletal symptoms are reportedly common among musicians. Flautists may be at high risk of symptoms, due to their asymmetrical playing posture.
Introduction
Musculoskeletal symptoms are commonly reported by musicians [1, 2] . The effect of these may be considerable, resulting in reduced practice time, time off from playing, missing playing commitments and work or study opportunities [3] ; a loss of sense of identity and form of expression with negative social impact [4] ; and financial problems [3, 5] . It is therefore important to understand the types of symptoms experienced by different groups of musicians, so that appropriate interventions can be developed to prevent and manage them better.
Flautists may be at particular risk of musculoskeletal symptoms because of their asymmetrical playing posture and the need to support their instrument against gravity [6] . A study comparing the musculoskeletal symptoms of instrumental musicians with asymmetrical and symmetrical postures found that those with an asymmetrical playing posture, such as flautists, were significantly more likely to report musculoskeletal disorders of the back, neck and shoulder regions [7] . Furthermore, as the flute is held to the right side of the body, flautists must position themselves to avoid their flute coming into contact with other people or objects, at times limiting their ability to assume a comfortable posture while playing. Therefore, the frequency of different types of musculoskeletal symptoms in this population warrants investigation.
The aim of this systematic review was to determine the prevalence and incidence of musculoskeletal symptoms in flautists reported in the peer-reviewed literature.
Methods
In March 2015, we conducted an initial systematic literature search to identify primary studies of the prevalence and/or incidence of musculoskeletal symptoms experienced by flautists. We searched four databases [Embase (OvidSP), Medline (OvidSP), Web of Science and Scopus (SciVerse)], which focus on health and occupational health and safety, using the search terms reported in Table S1 (available as Supplementary data at Occupational Medicine Online) within the title, keywords or abstract, where possible. Subject headings were also searched in Medline (MeSH) and Embase (Emtree). The terms not only allowed a focus on flautists but also captured information on musicians in general, as studies may have investigated a range of instrumentalists, including flautists, but not listed all included instruments in the title, abstract or keywords. We applied no date limits but limited searches to English language and to peer-reviewed journals, where possible. We also searched related terms if permitted by the databases.
We screened the titles and abstracts of potentially relevant studies and obtained the full texts of those which appeared to be relevant, excluding studies if they were not published in English or in peer-reviewed journals, if Ackermann et al. [13] Ranelli et al. [11, 12] Spence [14] Cayea and Manchester [16] Fry and Rowley [15] Are the study design and sampling method appropriate for the research question?
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they did not clearly state that the aim was to investigate prevalence or incidence or if they reported the prevalence of injuries within an injured population (e.g. the percentage of patients at a clinic with tendinitis). We included studies of broader groups of musicians (e.g. all orchestral musicians) only if the prevalence or incidence of musculoskeletal symptoms in flautists was specifically reported. We screened the reference lists of all included studies (accessed via Scopus and Web of Science) to identify any other potentially relevant studies and subjected these to the same exclusion criteria as the database review, continuing this process until no additional studies were identified.
We determined the study design of all included studies, allocated an Oxford Centre for Evidence-based Medicine level of evidence to each [8] and critically appraised them using the critical appraisal tool of Loney et al. [9] , developed to assess prevalence and incidence studies. This gives a score out of eight, and we interpreted scores of 0-2 as signifying high risk of bias (low quality), 3-5 moderate risk (moderate quality) and 6-8 as low risk of bias (high quality).
We extracted data manually into a purpose-built Microsoft Excel © spreadsheet, under the following headings: country of participants, participant age and level of playing (e.g. university students, professionals), sample size, types of musculoskeletal symptoms investigated (including definitions), location of symptoms and the type of prevalence and/ or incidence reported, data collection methods and findings. Due to the broad nature of studies in this area, in terms of populations, musculoskeletal symptoms investigated and data collection methods data were reported descriptively.
One reviewer conducted all aspects of the review, consulting a second reviewer where there was any uncertainty regarding study inclusion or exclusion, allocating levels of evidence, critical appraisal and data extraction.
Results
Of the 4026 studies identified in the database search, we included seven [10] [11] [12] [13] [14] [15] [16] (Figure 1 ). Another six [6, [17] [18] [19] [20] [21] reported the prevalence or incidence of musculoskeletal symptoms in flautists but did not aim to investigate this and were therefore excluded. We identified no additional studies through forward and backward searching. Both papers by Ranelli et al. [11, 12] report on data from the same study. There are differences in some of the detail reported in each study but all data extracted for the purposes of this review were reported in both papers. These papers were therefore considered as one, giving a total of six included studies.
One study [13] conducted a retrospective case note audit (Level 1) to determine the incidence of musculoskeletal symptoms in flute students. The others investigated prevalence using cross-sectional designs of Level 1 [11, 12] and Level 3 [10, [13] [14] [15] evidence. Three studies (two unique) [11, 12, 16] had moderate risk of bias, the others [10, [13] [14] [15] having high risk of bias ( Table 1) . The main issues were sampling method, sample size and reporting the response rate. The use of self-administered surveys meant that administration was unbiased but only four studies (three unique) [10] [11] [12] 16 ] used a standardized method or definition of musculoskeletal symptoms to collect data. Another issue was with describing the sample in detail. While all studies reported demographic data, only two [13, 14] reported data specific to flautists.
Studies covered schoolchildren, including youth orchestra members [11, 12, 15] , university students [13, 16] , professional orchestral players [10] and mixed groups [14] . Their demographics and data collection methods are reported in Table 2 . Only two [13, 14] were flute specific. The type of data reported varied widely between studies (Table S2 , available as Supplementary data at Occupational Medicine Online), with none being directly comparable.
Cayea and Manchester [16] undertook a retrospective case note audit of students seeking treatment at a university-affiliated clinic for upper limb injuries related to performance. They determined whether a repeat episode in the same body region was a new episode based upon physical findings, symptoms and the time between episodes and reported that for flautists the incidence was 7.5 injuries per 100 student years (5.2 for females and 5.3 for males).
Three studies (two unique) reported the prevalence of musculoskeletal symptoms in any body region [11] [12] [13] , with symptom prevalence varying from 15 to 95% (Table 3 ). The wide range of results may be explained by differences in symptoms considered, populations studied and prevalence type. Of particular note was the lifetime prevalence in schoolchildren of musculoskeletal symptoms during or after playing, at 79%, with 62% reporting symptoms in the past month [11, 12] , indicating that symptoms may appear early in a musician's development.
Four studies reported the location-specific prevalence of musculoskeletal symptoms (Table 4 ). The upper limb and back regions appear to be the most susceptible to symptoms in flautists with minimal differences between left and right sides.
Ackermann et al. [13] also reported the symptom duration in various body regions ( Table 5 ), reporting that symptom duration tends to be longer in the neck and lumbar regions in comparison with the upper limbs. They reported that 63% of episodes of pain or playingrelated musculoskeletal disorder reported lasted for longer than 3 months.
Discussion
We identified six studies (five unique) of the prevalence of musculoskeletal symptoms in flautists [10] [11] [12] [13] [14] [15] and one of incidence [16] . The latter was a retrospective case note audit (Level 1 [13] ), while the others investigated prevalence using cross-sectional designs (Level 1 [11, 12] and 3 [10, [13] [14] [15] ). Studies were of moderate [11, 12, 16] to high risk [10, [13] [14] [15] of bias. Common issues were sampling methods, sample size, response rate, not reporting confidence intervals and not reporting flute-specific demographics.
The majority of studies collected data using questionnaires [10] [11] [12] [13] [14] [15] . One criticism of these is that the individual's experiences of musculoskeletal symptoms may influence their decision to participate. The direction of resulting bias is difficult to ascertain: individuals who have experienced musculoskeletal symptoms may be more likely to participate as they see the importance of the study, but those with a history of such symptoms may prefer not to think about them and therefore decline to participate. This may be further compounded by a 'culture of silence' concerning musicians' injuries. While we acknowledge such bias, it is unclear how it may have influenced results and therefore how best to interpret these findings.
Cayea and Manchester's study [16] , which was the highest quality and had the best level of evidence in this review, involved a retrospective case note audit at a university-affiliated clinic. However, collecting data in this way may have underestimated the injury rate in this population, as this approach assumes that all flautists with injuries sought treatment and did so at this clinic. Musicians are, however, generally reluctant to seek treatment for their musculoskeletal symptoms, with cited reasons including worry about being told to stop playing and a perceived lack of experience in treating musicians among health professionals [5, 22] . Musicians also tend to avoid discussing their symptoms for fear of an adverse effect on their reputations [5] . Some students may therefore have chosen to seek treatment elsewhere to avoid being 'found out'. Consequently, the incidence of musculoskeletal injuries associated with flute playing may be higher than the 7.5 injuries per 100 person-years reported in this study. One of our most problematic methodological issues was that terms used for musculoskeletal symptoms were neither well defined nor consistently used. This is particularly problematic when the ways in which symptoms relate to playing, for instance, their temporal relationship, are not stated, as was the case in three studies [13, 15, 16] . Even more familiar symptom-related terms such as weakness, tingling and pain are difficult to interpret if they are not qualified by factors including duration, intensity and/or effect on playing. Clarifying the terms and definitions used increases a study's repeatability, thus improving its quality and enabling other researchers to use the same terms and definitions, allowing direct comparisons to be made between studies of different populations. All of the prevalence studies reported lifetime prevalence [10] [11] [12] [13] [14] [15] , with some also reporting period and point prevalence [10] [11] [12] . The lifetime prevalence of musculoskeletal symptoms in any body region varied from 33 to 95% for any type of playing-related musculoskeletal symptom [13] [14] [15] . This wide range may be explained by differing definitions of symptoms used and of populations studied (e.g. schoolchildren or university students).
Ranelli et al. [11, 12] reported the lifetime prevalence of 'mild aches and pains, experienced during and following playing, that may or may not affect performance' in schoolchildren was 79%, with 33% experiencing 'pain, weakness, lack of control, numbness, tingling or other symptoms that interfered with the ability to play the instrument as usual' [11, 12] . Their finding that 62% of child flautists had experienced playing-related symptoms in the previous month [11, 12] is a higher prevalence than studies of any type of pain (including abdominal pain and headaches) in a 3 month period among children in general, at 50-60% [23, 24] .
The high symptom prevalence at an early stage of their playing lives among child flautists raises questions about the usefulness of investigating lifetime prevalence in adult musicians.
Children may have symptoms in the initial stages of learning to hold a flute for long durations of time. If these do not recur, measuring lifetime prevalence in adults, rather than period prevalence, will not account for this possibility, as may have occurred in three of the studies included [13] [14] [15] .
While the reported prevalence of symptoms in adult flautists may therefore be inflated, there are a number of other factors to consider. Only a small proportion of children will continue to play into adulthood, with an even smaller proportion studying music at a tertiary level or playing professionally. A decision to stop playing may be influenced by experience of musculoskeletal symptoms. Ranelli et al. [11, 12] found that 33% of child flautists had experienced musculoskeletal symptoms affecting their ability to play. Persistent or recurrent symptoms may reduce a child's enjoyment in playing or make them question whether they are capable of playing professionally, which may lead them either to give up playing altogether or deter them from undertaking tertiary education or professional playing. Consequently, those who study music at a tertiary level or play professionally may be less likely to have experienced musculoskeletal symptoms as a child and therefore have a lower lifetime symptom prevalence than would otherwise be expected.
Only one study of adult flautists [10] reported both period or point prevalence and lifetime prevalence. They reported a lifetime and 3 month prevalence of teeth/jaw pain of 13% and a 3 month prevalence of temperomandibular pain of 13% compared with 25% lifetime prevalence. In view of these similarities, lifetime prevalence may be a fair indicator of current or recent musculoskeletal symptoms, but this is based on only one study of orchestral musicians, concerned only with orofacial symptoms and including only 22 flautists. Consequently, we recommend that future studies investigate period prevalence, so that the current relevance of their findings can be ascertained. While point prevalence may also provide this information, it may have limitations in investigating potentially transient musculoskeletal symptoms.
Despite differences in the type of symptom information collected, the upper extremities appear to be the most commonly affected [13, 14] . This may be due to the repetitive finger motions required to depress the Adapted from Ackermann et al. [13] .
a Reported in the study as over 3 months and over 9 months, but the results indicate it should be 4-9 months and 10-18 months.
flute keys or the requirement for flautists to support their instrument against gravity while playing. There were few differences in symptom prevalence between the left and right [14] , although in view of the asymmetrical posture assumed by flautists while playing, some differences might have been expected. It is, however, possible that the differences in posture between left and right sides are insufficient to produce differences in symptoms, or that while the biomechanical load may differ the resulting musculoskeletal symptoms are the same. There may also be differences in the duration, frequency, type and/ or intensity of symptoms, which have not been considered in the studies included and this warrants further investigation. This review did not aim to determine the cause of musculoskeletal symptoms in flautists, and symptoms may have been the result of activities other than flute playing. This may particularly be so in studies investigating symptoms, which are not necessarily playing related [10, 14] . However, it seems that a large percentage of flautists experience musculoskeletal symptoms and they are studying and working within a culture which, as previously discussed, does not encourage discussion of symptoms with others and may be reluctant to seek treatment due to the potential repercussions [5] . They may therefore be at greater risk of developing chronic pain conditions, and secondary health, social and financial problems, than the general population.
This review involved a thorough systematic search of the literature and no additional studies were identified through screening the reference lists of included studies, thereby validating the search strategy. We are therefore confident that all relevant studies were included. We acknowledge the potential for human error as a result of only one reviewer conducting each aspect of the review but the studies included and their findings are consistent with previous searches, so we believe this review accurately reflects the best evidence currently available. The key limitation of our findings is the quality of the included studies, involving the use of questionnaires that have not undergone validity or reliability testing and small sample sizes, which limit our confidence in their findings. The ability to compare and synthesize their findings was impaired by the different terms and symptom definitions used, an issue highlighted in previous systematic reviews of musculoskeletal disorders in musicians [1, 2] .
There is limited good quality evidence on the prevalence and incidence of musculoskeletal symptoms in flautists but what exists suggests that their prevalence of musculoskeletal symptoms is high, particularly in the upper extremities. Further investigations are required to understand these better but these require more robust research design to reduce the risk of bias, as well as gathering more detailed data. With stronger evidence, measures to prevent these symptoms in flautists can then be developed.
Key points
• There is limited good quality evidence on the prevalence and incidence of musculoskeletal symptoms in flautists.
• The prevalence of musculoskeletal symptoms in flautists appears to be high.
• Opportunities to compare and synthesize evidence between studies are limited because of their differences in terminology and definition of musculoskeletal symptoms.
